Objectives: Chikungunya (CHIK) has been classified as a communicable disease group IV in South Korea since late 2010. Based on this, we investigated the extent of imported cases of CHIK in dengue-suspected individuals returning from dengue-endemic regions. Methods: A total of 486 dengue-suspected serum samples were screened for CHIK by enzyme-linked immunosorbent assay (ELISA) and reverse transcriptionpolymerase chain reaction (RT-PCR) analysis. Further RT-PCR-positive samples were used for the viral culture, and CHIK was subsequently confirmed by sequence analysis of the culture samples. Results: Five out of 107 dengue-positive samples were found to be positive for CHIK and 15 out of 379 dengue-negative samples were found to be positive for CHIK by immunoglobulin M ELISA. Further, a CHIK virus was isolated from one of the two RT-PCR-positive sera by cell culture and confirmed by sequence analysis. Conclusion: The present study documents the first evidence of travel-associated CHIK infection in South Korea. Considering the intense international traffic between countries, our finding emphasizes the urgent need for active patient and vector surveillance for timely response to reduce the introduction of CHIK in Korea.
Introduction
Chikungunya (CHIK) is a mosquito-borne febrile disease caused by the chikungunya virus (CHIKV), which belongs to the genus Alphavirus of the Togaviridae family [1] . The CHIKV has a single-stranded, positive-sense RNA genome, which consists of 5 0 -nsP1-nsP2-nsP3-nsP4-junction region-C-E3-E2-6K-E1-poly (A)-3 0 [2] . The virus was first isolated from a febrile patient in Tanzania in 1953 and spread into Africa, Pacific, and South East Asian regions [3, 4, 5] . The virus has now been transmitted to more than 20 countries and is one of the most potential risks among the travel-associated diseases for travelers to tropical regions [6, 7, 8] . Since its re-emergence in the Indian Ocean Island in 2005, the virus was recognized as a global public health threat [9] . Three genotypes of CHIKV have been characterized based on their partial E1 sequences, which include Asian, East Central South African, and West African genotypes [10] . The CHIKV is transmitted to humans mainly by Aedes aegypti and Aedes albopictus mosquitoes. Clinical symptoms also resemble dengue, which include chills, fever, headache, myalgia, nausea, vomiting, and rashes [11] . In addition, overlap of disease-occurrence areas make it difficult to identify the exact pathogens involved, if the differential diagnostic methods are unavailable. In South Korea, dengue diagnosis began in 2001 at the Korea National Institute of Health (KNIH) and since then imported cases have been continuously reported [12, 13] . Because no vaccines or therapeutic agents are available, early detection of the virus is important for timely vector control and prevention of viral dissemination into nonendemic regions. To cope with an abrupt re-emergence of CHIK in South East Asian regions, the Korean government designated CHIK as a communicable disease group IV in late 2010. However, before enacting this law, it was necessary to estimate the occurrence of CHIK cases introduced by patients with dengue-like diseases who had returned from dengue-endemic regions. In the present study, we first documented the travel-associated introduction of CHIKV into South Korea during 2009e2010, which stresses the importance of making modifications to the travel health policies.
Materials and Methods

Serum samples
A total of 873 serum samples were sent to the Division of Arboviruses at the KNIH for dengue diagnosis during 2009e2010. Among them 486 serum samples were tested for CHIK, in which 107 and 379 sera were positive and negative for dengue immunoglobulin M (IgM), respectively. This study was conducted as a routine laboratory diagnosis and did not require either informed consent or institutional review.
IgM enzyme-linked immunosorbent assay
All the collected serum samples were tested for the presence of CHIKV-specific IgM antibodies using the commercial enzyme-linked immunosorbent assay (ELISA) kit (NovaTec, Germany) according to the manufacturer's instruction. Based on absorbance at 450 nm, the NovaTec Units (NTUs) were calculated for each sample and samples having NTU > 11 were considered positive.
Multiplex reverse transcription-polymerase chain reaction
The viral RNA was extracted from serum samples by Viral Gene-spin DNA/RNA extraction kit (iNtRON Biotechnology, Gyeonggi-do, Korea) according to the manufacturer's protocol. The isolated RNA was reverse transcribed and amplified according to the one-step duplex reverse transcription-polymerase chain reaction (RT-PCR) assay developed for differential diagnosis of DENV and CHIKV [14] . In brief, two primer pairs (CHIK1 and 2, DEN1 and 2) targeting the CHIKV E1 gene and DENV C/prM gene were incorporated into the reaction and the exact pathogen was determined based on the fragment size (CHIKV: 205 bp; DENV: 511 bp). To exclude cross contamination by laboratory-reference CHIKV strain, we used DENV as a positive control in the RT-PCR assay ( Figure 1 ). Further confirmation was achieved by PCR direct sequencing using the primers CHIK1 and CHIK2 (Macrogen, Seoul, Korea).
Virus isolation
Virus isolation from RT-PCR-positive serum was attempted using invertebrate C6/36 cells (ATCC, CRL 1660). Approximately 1 mL of 20-fold diluted serum was inoculated into C3/36 cells cultured in a 25-cm 2 culture flask with minimal essential medium containing 5% fetal bovine serum and antibiotics. After absorption for 1 hour, the cells were washed once with phosphatebuffered saline and incubated at 28 C in a humidified CO 2 incubator. The culture supernatant was collected 7 days after infection, clarified by brief centrifugation, and stored as small aliquots at À70 C for further analysis. The presence of virus in the culture supernatant was confirmed by RT-PCR and sequence analysis.
Nucleotide sequencing and phylogenetic analysis
The culture supernatant confirmed as CHIKV was further amplified using three primer pairs (9648F/ 10403R, 10145F/11158R, and 10959F/11770R) encompassing E2, E1, and 3 0 NC [15] . The RT-PCR analysis was performed using the SuperScript III firststrand synthesis system (Invitrogen, Carlsbad, CA, USA) and DyNAzyme EXT DNA polymerase (Thermo). The resulting nucleotide sequences were assembled using the SeqMan program in the Lasergene software (version 8; DNASTAR, Madison, WI, USA) and the final sequence (approximately 1.9 kb in length) was identified by NCBI-BLAST search. Nucleotide sequences of 1044-nt long E1 partial genes from 21CHIKV isolates were selected for sequence comparison and phylogenetic analysis. Nucleotide and aminoacid sequences were aligned by CLUSTAL W algorithm using the BioEdit software (version 7.0). The neighbor-joining algorithm and the maximum composite likelihood model were used for tree construction by MEGA software (version 5.1) [16] . The reliability of the analysis was evaluated by a bootstrap test with 2000 replications. The o'nyong-nyong virus (GenBank ID: AF079456) was used as out-group in the tree.
Results
Laboratory testing
A total of 488 serum samples were tested for CHIKV infection. The results were summarized in Table 1 and Figure 1 . Twenty serum samples were found to be ELISA positive and two serum samples were RT-PCR positive. It is notable that five cases were IgM positive for both CHIKV and DENV. Age distribution of CHIKpositive cases was four in teens, one in 20s, seven in 30s, one in 40s, two in 50s, one in 70s, and five cases are unclear. Travel destination of the cases was mainly South East Asia including Indonesia, Malaysia, the Philippines, Singapore, and Vietnam. The interval from onset of illness to serum sampling in CHKIV ELISApositive cases was 4e32 days. As for two cases that were positive in RT-PCR analysis, possibility of cross contamination was excluded by sequence comparison with laboratory reference strain Ross (GenBank ID: AF490259).
Virus isolation and phylogenetic analysis
The two serum samples that were positive in RT-PCR analysis were subjected to virus isolation and one isolate was recovered from serum of a febrile patient (GenBank ID: 09-B36) who returned from Malaysia and Singapore. The isolate was further sequenced using primer pairs covering E2, E1, and Figure 3 ).
Discussion
In the present study, we investigated the extent of CHIKV infections in dengue-suspected patients who returned from travel. Generally, ELISA is just a screening test and a confirmatory testing such as plaque reduction neutralization test (PRNT) should be performed for differentiating CHIK and dengue. However, our laboratory had not set up the method at that time and it remains to be resolved later. We attempted to isolate the virus in the two RT-PCR-positive cases and one was recovered successfully from the serum collected within 2 days after onset of illness. A CHIKV infection has been categorized as a communicable disease group IV since late 2010 in South Korea. This functioned as a passive patient surveillance system based on compulsory case reporting by physicians. Since enacting the law, however, the number of requests for CHIK diagnosis from hospitals was only 25 [19] . Considering that Ae. albopictus mosquitoes are already distributed in Korea, we could not exclude an abrupt introduction of CHIKV as well as DENV.
In conclusion, we presented first evidence of travelassociated CHIKV infections in South Korea. This finding highlights the need to conduct laboratory and vector surveillance program for CHIKV as well as an urgent need to modify evidence-based travel health policies and recommendations.
